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SUMMARY 


Twenty- three detailed wind profiles measured by the smoke -trail technique 
at Wallops Island^ Virginia^ during the years 1959 to I962 are presented as 
plots of west-to-east and south -to -north velocity components at height intervals 
of 25 meters. The altitude ranges of Individual profiles vary^ but the overall 
range is roioghly 2 to 20 kilometers. The measurements were made under a wide 
variety of weather conditions^ including one case with an exceptionally high 
maximum wind. Modifications of the measurement technique and accuracy of the 
profiles are discussed. 


IMRODUCTIOE 


The smoke -trail wind -measurement technique described in reference 1 was 
developed to supply accurate measurements of the small-scale variations of wind 
velocity with altitude. Knowledge of these small-scale variations is needed for 
dynamic-response studies of vertically launched missile and space systems and 
for other purposes. The small-scale variations cannot be obtained from present- 
day conventional balloon-sounding methods because of tracking errors, unstable 
or self -induced motions of the balloons, and the horizontal drift of the bal- 
loons during ascent. 

In 1959 a feasibility study of the measurement of wind velocity profiles by 
the use of smoke trails was undertaken at Wallops Station, Wallops Island, 
Virginia. This study was followed by a system development program, which was 
concluded in I962 and which resulted in the present smoke-trail wind-measin'ement 
technique. In Axogust 1965 > a series of 70 firings was begun for the piurpose of 
obtaining a limited climatological sample of detailed wind profiles at the 
Wallops Island range. In addition to this program, a series of IO8 firings was 
begun at the Eastern Test Range in May 1962 in order to obtain a climatological 
sample at that location. 

The 25 smoke-trail wind velocity profiles in the present report were 
obtained from the feasibility study and the system development program, together 
with a few firings undertaken in support of other missions. Several of the wind 
profiles have been reported in references 1 to 11 but a complete set of profiles 


has not previously been available for general oise. The pvirpose of this publi- 
cation is to make available the basic data obtained from smoke-trail measxire- 
ments at Wallops Station from 1959 to I 962 . 


MEASUREMENT TECHNIQUE 


The basic techniq.ue for obtaining detailed wind profiles from smoke trails 
consists of photographing a visible trail formed by releasing a suiltable chem- 
ical from a rocket during the coasting portion of its flight and determining the 
motion of the trail from photogrammetric measurements. The fundamental proce- 
dures are described fully in reference 1 and more briefly in references 2 to 
The present report discusses only changes in or additions to the procedures. 


The Smoke Rocket 

The data in the present report were derived from smoke trails produced by 
a variety of rocket vehicles, including operational and experimental systems. 
Several experimental systems, including smaller rockets and a separating pay- 
load, were tested during the course of development of the smoke-trail method. 
Smaller rockets such as ARCAS are capable of producing a trail that is suffi- 
ciently dense but too narrow to be visible in the required photographs. Use of 
a separating payload with the Nike rocket was successfiil but Involves additional 
cost and range support requirements. The rocket in current use is essentially 
a standard Nike with a nose cone modified as described in reference 12. 


Smoke -Producing Chemicals 

The smoke -producing chemical presently being used is titanium tetrachloride 
(FM). Although slightly less efficient at low altitudes than the solution of 
sialfur trioxide in chlorosulfonlc acid (FS) originally used, it is much more 
effective at the higher altitudes. A slight disadvantage of the titanium tetra- 
chloride is delay in the formation of the visible trail. It required 2 to 
5 minutes to achieve fiill brightness in the vicinity of 2 kilometers. A sijper- 
concentrated solution of phosphorus in carbon disulphide (85 percent phosphoriis 
by weight) was also flight-tested and produced excellent results. It formed a 
bright persistent trail with no detectable time delay. However, phosphorus is 
not used routinely because of handling difficulties. Pyrotechnic smoke -producing 
mixtures were ground-tested but were found to be imsuited to the present appli- 
cation. Details of the smoke -agent tests may be found in reference 13 . 


Data Preparation 

Because of the interest in small-scale features of the profile, a great 
deal of attention must be given to the avoidance of random errors or stray 
points which might ordinarily be of little concern, but which in the present 
application might be erroneoiisly interpreted as real small-scale features of 
the atmosphere. Although they are extremely time consuming, the painstaking 
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checking procedures outlined below have been found to be essential to the pro- 
duction of data which are satisfactory for structural-dynamic studies. A num- 
ber of checking procedures have been incorporated in the computer program, but 
many checks still depend upon himian judgment. The steps in preparing the data 
for machine processing follow. 

Time synch ronization check . - Although the timers used to synchronize the 
operation of the camera shutters provide timing accurate to a fraction of a 
second, the recorded frame nimiber may be in error by a whole number, with a 
resulting error which is a multiple of the 6-second timing interval used at the 
Wallops Island range. Time synchronization is checked by comparing the position 
of the rocket image on the varioiis photographs and finally by checking consist- 
ency of apparent motion of the trail on successive photographs. 

Select ion of photographs .- The camera having the most readable photographs 
from the pair of cameras at each site is selected and the 1-minute interval 
having the most readable trail is chosen from the various possible combinations. 
Three pairs of simultaneous pictiires at successive JO-second intervals are then 
read. 


Film rea ding and editing .- In each picture, the coordinates of the fiducial 
marks, calibrated-focal-length marks, and surveyed camera orientation reference 
marks are read five times each. These readings are averaged to reduce reading 
error. The trail image in each picture selected is read twice. Because these 
smoke -trail point readings are not made at fixed intervals, they cannot be aver- 
aged, or compared point by point. In order to compare the two corresponding 
readings, the trail -image coordinates are machine plotted, and compared by 
superimposing one plot on another, the plotted fiducial marks being alined. Any 
discrepancy between the two readings is checked and corrected. In addition to 
checking one reading against another reading of the same photograph, the con- 
sistency of movement of the trail coordinates for the successive 50 -second 
intervals is checked, and the plotted trail coordinates are compared visually 
with the photographs. After all these checks have been made, one corrected 
reading of the trail coordinates from each of the six photographs is selected 
for further processing. 


Data Reduction 

The data reduction procedure is basically the same as that given in refer- 
ence 1. Additional subroutines have been incorporated to perfonn an additional 
coordinate rotation necessitated by a change in siorveyed reference arrangements 
and to minimize the effects of any erroneous points which may still be present 
in spite of previous checking procedures. 

Coordinate rotation . - In the camera orientation and coordinate rotation 
procedure of reference 1, the cameras and surveyed reference marks were all 
assumed to lie in a common horizontal plane. When new camera sites were estab- 
lished, such an arrangement was not convenient; therefore, another coordinate 
rotation step was added to rotate from the local vertical at each camera station 
to the local vertical midway between cameras. Th-us, the horizontal plane of the 
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final coordinate system is perpendicular to the vertical at the midpoint of the 
hase line and passes throu^ the camera locations. 

Machine editing .- Early in the smoke -trail program, it was discovered that 
a single "wild point” could sometimes cause the program to bypass a large nm- 
ber of correct points or even produce an incorrect matching of points in the two 
pictures. This error coxild result in computation of the coordinates of one of 
the extraneous ray intersections which is a mathematically correct solution, but 
is not the physically correct solution corresponding to the actual smoke-trail 
position. Since this sitxjation cotild occur as a result of even small errors, 
such as the operator inadvertently backtracking along the trail (an error which 
could not be detected by the visual reading check), a series of machine opera- 
tions was devised to prevent such occ\irrences . The effect of these operations, 
which are described in detail in appendix A, is to reject any point where the 
elevation angle in the rotated coordinate system appears to be increasing in one 
picture but decreasing in the other, and also to reject any point where the com- 
puted height of the trail would decrease along the trail, as followed in the 
order of its formation. Although it is clear that all the points so rejected 
would have res\ilted in incorrect velocity computation, it is not possible to 
determine what the correct value would have been. Therefore, a linear inter- 
polation is performed between the last correct point and the next correct point. 
With the very large number of points read, this method does not usually resTolt 
in appreciable error, but the possibility of such errors cannot be completely 
eliminated. 


DISCUSSION OF DATA 


The Langley trail identification number, date, time, altitude range, and 
maximum west-to-east wind component for each profile are listed in table I. The 
altitude ranges of the individual profiles vary, but the overall range is 
roughly 2 to 20 kilometers. A mmiber of the profiles cover a limited altitude 
range, but have been included to make the report complete. The wind profile 
data are presented in figvires 1 to 25 in the form of plots of west-to-east and 
south-to-north components of velocity as a function of altitude. West-to-east 
and south-to-north velocities are positive. Wind components are evaluated at 
altitude intervals of 25 meters, except for the first three profiles for which 
slightly different intervals were used. 

On request from the NASA Langley Research Center, the same data, plus wind 
speed and direction and wind-shear values, are also available on punched cards 
or in tab\ilar form.* The format of the data and the units used are illustrated 
by the sample tabulation in table II. In tabular form each profile is identi- 
fied by a trail number, date and time of launch, altitude increment \ised in com- 
putation, time increments over which the data were taken, and camera and picture 
identification. The various measures of the wind shear, or rate of change of 
wind velocity with height, are evalixated over a height interval of 25 meters 

Requests sho\iLd be directed to the Langley Research Center and the paper 
cited by author, title, and code number, together with specific profiles 
desired. 
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axid apply to the 25-meter hei^t interval immediately below the reported height. 
Wind-shear values have been Included in the tabulations because of numerous 
requests. However, the user should be aware of the large errors Involved in 
computation of shears over an interval as small as 25 meters. For example, a 
root -mean-square (rms) velocity error of 1.0 m/sec would result in an rms shear 

error of O.O56 sec"^. (Actual shear values as large as O.O56 sec“^ are seldom 
encountered.) Of course, the magnitude of the error decreases in proportion to 
the altitude interval used; thus, some users may find it desirable to average 
several of the reported values or to compute directly the shears over larger 
altitude intervals. 

Radiosonde runs were made within 6 hours of each of the smoke -trail 
firings, but since meteorological studies generally also require data from 
other stations, the results have not been included in this report. Radiosonde 
or other data are available from the National Weather Records Center, U.S. 
Weather Bureau, Federal Building, Asheville, North Carolina 288OI. 

The primary purpose of the smoke -trail wind measurement program is to pro- 
vide data for use in the study of the structural dynamics of ascending rocket 
vehicle systems. However, because data of this type are of interest for a num- 
ber of applications and because wind data of comparable accuracy and detail are 
limited, all the usable profiles which were measured at Wallops Island during 
the period covered by this report are included even though some may cover too 
small an altitude range to be of value for vehicle simulation studies. 


Significant Features 

Because the response of different rocket vehicles to wind excitation varies 
greatly,, no attempt is made to rank the profiles in order of severity. How- 
ever, certain features of some of the profiles, which are of particular interest 
from the viewpoint of structural dynamics in that they might produce high loads 
on some vehicle configurations and which are also of general interest, may be 
pointed out. 

In the profile of trail 00 ^ (fig. 3 )y unusually large values of wind shear 
are foimd in the region of 5 to 6 kilometers. These high wind-shear values 
appear to coincide with the position of an intense cold front whose sTorface 
position lies southeast of the launch site. 

In trail OO8 (fig. 7 ), the pair of spikes in both the west-to-east and 
south -to -north profiles at 11. 5 and 12.5 kilometers appear to be of particular 
interest in that they might produce very high loads on some vehicles. 

An outstanding feature in trail 009 (fig- 8) is the large maximum wind at 
11 kilometers. This peak value is larger than 99 percent of the peak values at 
Wallops Island during the month of highest winds and hi^er than 99*9 percent 
of the peak values for the entire year, based on the wind statistics in refer- 
ence l 4 . Also of interest is the series of approximately step increases in 
velocity leading up to the maximum. 
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In trail 020 (fig. l6), two sharp spikes appear in the south-to-north com- 
ponent at 7 11 kilometers, one of positive sign and the other of negative 

sign. In trail 021 (fig. 17)^ a series of very sharp spikes appears in the 
higher altitudes. In trail 027 (fig. 25), an irregular pattern exists over most 
of the trail, but between 12 and 1^ kilometers a remarkably uniform shear is 
found. It should not, of course, be inferred that these features are necessar- 
ily more important, or produce greater vehicle loads for all types of vehicles 
than other features of less striking appearance. 


Accuracy 

The degree of detail and accuracy of the smoke-trail data is substantially 
better than that of data obtained with other present-day conventional measuring 
systems. The present discussion is directed toward the accuracy of the partic- 
ular profiles included in this report. For considerations of the accuracy of 
the meas;arement system, the reader is referred to the extensive discussion in 
reference 1 and the briefer discussions in references 2 and 5* 

Reference 1 shows that the error in wind velocity is directly proportional 
to the total film-coordinate error and inversely proportional to the time inter- 
val and to the camera focal length, that it increases with altitude, and that 
it is a rather complicated function of the position and slope of the trail and 
of camera orientation angles. For the actual Wallops Island camera network, a 
typical trail position, and the rather ideal simplifying condition of a verti- 
cal trail, the rms velocity error is 

= 5^5 600ar/At (l) 

in nondimens ional form, where is the rms vector error of wind velocity, 

dj, the rms film-coordinate error, and At the time interval. Equation (l) can 
also be written 


= 0. 5456cTj./At 


( 2 ) 


where Oy is in m/sec, in microns, and At in seconds, or (in the units 

of ref. l) 

dy = 28 800dr/At (3) 

where dy is in ft/sec, dj. in inches, and At in seconds. Reference 1 indi- 
cated that the rms errors determined by comparison of calciilations from inde- 
pendent pairs of photographs for sample trails were in reasonable agreement with 
the theoretical values . 


In reference 1 the film-reading accuracy obtained with actual trails imder 
typical conditions, for the 1-minute time interval, yielded theoretical rms 
velocity errors as low as 0.1 m/sec. Of course, in many cases the film-reading 
accuracy is expected to decrease because of unfavorable meteorological or 
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operational conditions^ and position and velocity errors are expected to 
increase as a result of smoke trails whicli are not completely vertical. 

For several of the cases where larger errors were expected, either because 
of the conditions of the rocket launching or because of the appearance of the 
resulting wind profile, calculations were made by using pairs of pictures taken 
either from different cameras or at different times or both. The ims velocity 
errors, computed from the independent pairs of photographs, are shown in 
table III. The accuracy of most of the profiles was on the order of 0.5 to 
1 m/sec root mean square. 

In interpreting the rms values, it should be noted that winds at the same 
computed altitude were compared and that the computed altitudes may be in error 
by about 100 meters at the hi^er altitudes. Thus, for regions of high shear, 
a large rms error may be reported simply as a result of a small vertical dis- 
placement of one of the wind profiles; however, this type of error would not be 
of Importance for most uses of the data. Errors of this type are not Included 
in the theoretical error values of equation (l) in the present report nor in 
the complete error equations in reference 1. 

The first entry in table III, trail 008, represents a case which was far 
from ideal in many respects. This profile was derived from the exhaust trail 
of a Scout vehicle rather than from the trail of the coasting Nike ordinarily 
used. The trail was rather wide and irregiilar, and the rocket trajectory was 
such as to produce considerable deviation from the vertical at the higher alti- 
tudes reported. In addition, one of the camera stations was in the process of 
relocation and target boards had not been Installed. Nevertheless, errors are 
small at the lower altitudes and reach 2 m/sec only at altitudes above 
15 kilometers. 

Trail 009 illustrates the effect of extremely high winds. In the altitude 
range of the present study, the maximum vector wind was nearly 100 m/sec, higher 
than 99 percent of the winds in the month of highest winds and higher than 
99*9 percent of the winds during the entire year. The effect of the rapid 
departure of the trail from vertical because of the strong shear can be seen 
from the fact that the rms errors of the 60-second profiles, althouigh not exces- 
sively large, are about the same size as those of the 30 -second profile, whereas 
in the usual case they are only half as large. 

Trail 0l8 showed one sharp spike in the south-to-north component at about 
5 kilometers, but it appeared questionable and was removed; otherwise this trail 
was a normal one, obtained under more or less average conditions, and is 
expected to be representative of the noimal errors. These error values are only 
slightly larger than those derived by the simplified theory of equation (l). 

In trails 021 and 027, very complicated wind patterns exist and lead to 
numerous sharp spikes on the component profiles. These two trails represent the 
largest errors (l to 1.5 m/sec root mean square) which would be expected under 
conditions where satisfactory smoke -trail photography is possible. 

In addition to these rms error estimates, rms differences between wind 
velocities derived from simultaneous smoke trails were computed. Trails 023, 
024, and 025 were obtained from three nearly simultaneo-us launchings of 
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smoke-trail rockets from different lamch pads (ref. 15 )> anci differences 
tetween the various pairs of trails are shOTO in table IV. The distances 
between the trails varied from 0.25 to 2 kilometers. If the variation of wind 
velocity between trails is neglected and all the difference assigned to meas- 
urement error ^ the error assignable to each measirrement woiild be l//2 (or about 
0 . 7 ) times the value in table IV. These errors are no larger than those for a 
single trail. 


Repr e s entat i vene s s 

In addition to giving an indication of measurement accuracy^ the small rms 
differences in table IV between the separate pairs of trails indicate that these 
smoke-trail measTjrements can be considered representative of the atmosphere at 
least over distances of several kilometers^ or time intervals of several min- 
utes. Additional measured values and a more extensive discussion of the repre- 
sentativeness of winds as measured by the smoke -trail technique may be found in 
reference 10. 


CONCLUDING REMARKS 


Twenty-three detailed wind profiles measured by the smoke-trail technique 
at Wallops Island during the years 1959 to I 962 were presented. The profiles 
included west-to-east and south -to -north components determined at 25 -meter alti- 
tude increments. The altitude ranges of the individual profiles vary^ but the 
overall range is roughly 2 to 20 kilometers. The measurements were made under 
a wide variety of weather conditions^ including exceptionally high maximum 
winds. Modifications of the measurement technique and accuracy of the profiles 
are discussed. The accuracy of most of the profiles was on the order of O .5 
to 1 m/sec root mean square. Under unfavorable conditions^ rms errors as high 
as 2 m/sec were found at altitudes above I 5 kilometers. This degree of detail 
and accuracy is substantially better than that of data obtained with other 
present-day conventional measuring systems and is particularly suited to studies 
of the structural dynamics of vertically launched vehicle systems. 


Langley Research Center^ 

National Aeronautics and Space 
Langley Station^ Hampt on^ 


Admlni s trat i on^ 

Va., April 19 , I 965 . 
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APPENDIX A 


MACHINE DATA PROCESSING 


Figure 2^ is a simplified flow diagram of the data reduction procedures 
used in reducing the smoke -trail wind-shear and velocity data. 

The data-processing personnel enter the sequence of events leading to final 
answers for the smoke -trail data at step A. This step is a preliminary editing 
procedure designed to eliminate incorrectly punched cards and discrepancies 
which would halt the electronic data processing system because of programer 
checks. The data-processing operator insures that the proper constants are 
available^ arranges the punched cards in the proper order^ perfoims hand editing 
as indicated on log sheets provided with the punched cards^ and uses a collator 
to check the sequence of the cards and check the cards for double punches or 
blank columns. 

An IBM 1^01 electronic data processing system is then used in step B to 
list the edited punched cards ^ prepare a data tape for processing by the IBM 
7070 electronic data processing system^ and prepare a tape for a magnetic -tape 
plotter. As a quality control measure^ the results on the tape are plotted and 
these plots and a listing of the raw data are returned to the project engineer 
for checking and editing. As a routine check, each picture of data is read 
twice on the comparator. Using the plots and the listing, the engineer checks 
the duplicate readings for similarity and checks successive pictures for con- 
tinuity with increasing time. At this point the engineer can accept all 
readings for processing, select certain readings for processing, or direct that 
all or certain frames be reread for the smoke trail. Steps A and B can then be 
repeated as necessary. 

At step C the data are actually reduced to final answers. Because of the 
magnetic -tape sort techniques utilized and system core storage limitations, 
there are six different programs Involved in step C. However, the programs may 
be sequentially loaded with a minimum of operator intervention, each phase being 
executed as soon as the previous phase is completed. Naturally, if only certain 
phases are desired, they may be executed individixally. The minor operational 
difficulties resulting from the phasing of the programs are offset by the ease 
with which intermediate answers can be printed and/or plotted as a quality con- 
trol meastare or as a check on the calculations. Of course, feasible programed 
checks are included in the system programs to insure that the electronic data 
processing system is using the correct constants, that the data have been prop- 
erly edited, and that the frame and camera numbers are being used in the correct 
sequence. Both the input to and the output of step C are saved for storage to 
provide a rerun capability in the event of constant changes and to keep the 
answers available for further use without reprocessing. 

Step D serves as an output function. Two special output tapes are pre- 
pared — a print tape for the IBM 1^01 electronic data processing system and a 
plot tape for the magnetic -tape plotter. These tapes are printed and plotted 
and the results are retiomed to the project engineer. 
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TABLE I 


WALLOPS ISLAND WIND PROFILES FOR 1959 to 1962 LAUNCHINGS 


Figure 

Trail 

identification 

Date 

— 

Time 

EST 

Altitude range^ 
m 

Maximum west-to-east 
component of velocity, 
m/sec 

Remarks 

1 

002 

9/21/59 

1500 

2 408 to 11 582 

8 


2 

005 

11/04/59 

1040 

1 554 to 10 485 


Little Joe exhaust trail 

3 

004 

12/04/59 

1120 

1 805 to 12 177 

-12 

Little Joe exhaust trail 

k 

005 

9/08/60 

1550 

4 025 to 8 825 

-8 


5 

006 

9/25/60 

1110 

5 425 to 15 400 

16 


6 

007 

2/15/61 

1500 

2 700 to 9 900 

51* 


7 

008 

2/16/61 

0807 

1 750 to 18 000 

60 

Scout exhaust trail 

8 

009 

4/06/61 

1455 

5 250 to 12 500 

93 


9 

010 

4/14/61 

1050 

4 600 to 10 175 

57* 


10 

012 

4/14/61 

1455 

5 175 to 12 400 

59 


11 

0l4 

7/14/61 

1100 

11 175 to 15 900 

18* 


12 

015 

7/14/61 

1620 

4 750 to l4 000 

24 


15 

0l6 

7/14/61 

1620 

11 175 to 15 950 

24 


lit- 

018 

10/24/61 

1110 

2 600 to 12 250 

25* 


15 

019 

11/22/61 

1050 

5 175 to 11 775 

55 


16 

020 

1/16/62 

1610 

5 075 to 15 750 

72 


1? 

021 

2/06/62 

l4oo 

2 600 to 16 750 

65„ 


18 

022 

4/04/62 

1550 

5 050 to 11 425 

4o 


19 

025 

5/04/62 

1550 

4 000 to 8 875 

31* 


20 

024 

5/04/62 

1530 

2 800 to 12 275 

45 


21 

025 

5/04/62 

1530 

2 200 to 18 225 

42 


22 

026 

5/05/62 

1540 

2 950 to 14 825 

19 


23 

027 

5/25/62 

1240 

5 000 to 15 000 

55 



*Maximum west-to-east component of velocity may not have been measured. 




TABLE n 



SAMPLE TABULATION 


wallops smoke-trail test no. LRC 009 LAUNCHED APR 06 1961 lA'iS EST DELTA Z 25 METERS DELTA T 60 SECONDS 



MIONA 

RIGHT FRAMES 

7 AND 17 

BAT TLE 

POINT RIGHT FRAMES 

7 AND 17 


z 

VX 

VY 

V 

THETA 

SHEAR X 

SHEAR Y 

SHEAR V 

SHEAR M 

(ME TERS J 

IMPS) 

IMPS) 

IMPS ) 

I neCREES) 

I /SEC) 

I /SEC ) 

(/SEC) 

I/SEC) 

lu075 

79.4 

10.6 

OC. 10 

262.59 

.02 4 

-.024 

.033 

.020 

lulOO 

RC . 2 

JO.O 

00.02 

263,15 

.03? 

-.024 

.039 

.028 

1 ;175 

R0.7 

9.4 

01.25 

263.72 

.020 

-.024 

.031 

.017 

10150 

0 1.2 

0.7 

01 .7)6 

264,29 

.'j2 0 

-.028 

.034 

.016 

10175 

01.7 

0. 1 

02. 10 

264. P6 

.0?»' 

-.024 

.031 

.017 

10200 

0 2.2 

7.3 

82.52 

265.43 

,020 

-.032 

.037 

.016 

IC225 

H2 . 5 

7. .4 

02.75 

266.00 

.01? 

-.036 

.037 

.009 

IC250 

H2 .8 

5.5 

02.90 

266.57 

.012 

-.036 

.037 

.009 

1j2 7S 

03.2 

5.1 

03.36 

266.57 

.016 

-.ni6 

.022 

.015 

10300 

H3 . 7 

4.7 

03.83 

267. 14 

.020 

-.016 

,025 

.010 

10 32 5 

54.2 

4.5 

04.32 

267.14 

.02 0 

-.008 

.021 

.019 

lo350 

P4.6 

4.4 

04.71 

267.14 

.016 

-.004 

.016 

,015 

lu3 75 

05.2 

4.0 

05.29 

267.71 

.024 

-,ri6 

.028 

.023 

loAOO 

05.7 

3.1 

05 . 76 

2 6 0 . P 9 

.02 0 

-.036 

.041 

.018 

lo425 

06 . 2 

2.4 

06,23 

268 .06 


-.028 

.034 

.018 

IC450 

R6. 7 

1.9 

06. 7? 

260.06 

. 'VO 

-.020 

.028 

.019 

U4 75 

0 7.2 

1 .5 

07.21 

269.43 

. '^2 0 

-.016 

,025 

.019 

1U5UC 

P7 .6 

.9 

07.60 

269.43 

.•ri 6 

-.024 

.028 

.015 

10525 

HO.u 

. 5 

0 8 .U'3 

270.00 

,016 

-.016 

.022 

.016 

105 50 

88. 1 

.4 

0 0.10 

270.00 

.00 4 

-.004 

.005 

.004 

lu575 

08.6 

1.2 

0 0.61 

269.43 

, 02 0 

.0 32 

.037 

.020 

106 Co 

00.9 

1 .6 

08.91 

269.43 

.ni? 

.016 

.019 

.012 

1C625 

09. 1 

1.6 

89.11 

269.43 

. 0 30 

.000 

. 007 

.008 

l'j65C 

09.4 

1 . 7 

0 9.42 

269.43 

.012 

,004 

.012 

.012 

1C6 75 

89,7 

1.6 

■19.71 

2 7> 9 . A 3 

.01? 

-.034 

.012 

.011 

10 700 

0 9.9 

1 . 7 

09.92 

2 6 9 . A 3 

.00 8 

.004 

.003 

.008 

10725 

91 .0 

I . ti 

90.02 

260.06 

. no4 

.004 

.0 05 

.004 

1U750 

^0. 3 

1.6 

90.31 

269.43 

.012 

-,0’.i8 

.014 

,011 

10 7 75 

90.2 

1 .6 

90.21 

269.43 

-.OOA 

.000 

.003 

,004 

lOHOC 

90. 1 

1.6 

90.11 

269.43 

-.004 

.030 

.0 03 

.004 

10H25 

9»: ,4 

1 .8 

9 0.4? 

269.43 

. 31 ? 

,0.3 8 

. C14 

.012 

1l8 50 

.9 

2.3 

«)0.93 

268.86 

,020 

.020 

.020 

.020 

lOH 75 

91.6 

2.9 

9 1.65 

2 6 8 . 2 9 

,02 8 

.024 

.0 36 

.028 

1090C 

91.9 

2.9 

9 1.95 

260.29 

.012 

.ono 

.012 

.012 

1^925 

9 2.2 

2.9 

92.25 

268.29 

,ni 2 

. 000 

.01? 

.012 

109 5 -.- 

92.5 

2.8 

9 2.54 

268.29 

.012 

-.004 

.012 

.011 

109 75 

92 . 5 

2 . 1 

92 . 5 ? 

263.06 

.000 

-.028 

.028 

.000 

1 1 OO '' 

92.6 

1.5 

9 2.61 

269,43 

. 0 34 

-.024 

.024 

.003 


z 

vx 

VY 

V 

Theta 
Shear X 
Shear Y 
Shear M 

Shear V 


Altitude, meters 

We St -to -east component of velocity, meters per second 
South -to -north component of velocity, meters per second 
Magnitude of resultant velocity, meters per second 


Direction from which wind is blowing, degrees 
6VX/6Z, per second 
6VY/6Z, per second 
5V/6Z, per second 



per second 
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TABLE III 


ROOT-MEAN-SQUARE VELOCITY ERRORS CCMPUTED ¥R(M 
INDEPENDENT PAIRS OF PHOTOGRAPHS 



Root -mean- square velocity errors 

Altitude 

— 


range ^ 

West-to-east 

South-to-north 

km 

component^ 

component. 


m/sec 

m/sec 


Trail OO 8 ; time interval, 60 sec 

2.8 to 5 

O.k 

0.5 

5 to 9 

.5 

.5 

9 to 15 

.9 

.9 

15 to l8.it- 

.7 

2.1 

2.8 to l8.li- 

.7 

1.5 


Trail 009j time interval, 60 sec 

2.6 to 5 

0.6 

1.2 

5 to 9 

.1 

.5 

9 to 15 

.5 

.5 

2.6 to 15 

.4 

.7 


Trail 009; time interval, 50 sec 

2.8 to 5 

0.5 

0.7 

5 to 9 

.2 

.4 

9 to 15 

.6 

.7 

2.8 to 15 

.5 

.6 


Trail 018 ; time interval, 60 sec 

2.6 to 5 

0.1 

0.2 

5 to 9 

.1 

.2 

9 to 12.5 

.4 

.6 

2.6 to 12.5 

.2 

.3 


Trail 021; time interval, 60 sec 

it-. 5 to 5 

0.5 

0.5 

5 to 9 

.5 

.7 

9 to 15 

1.5 

.6 

15 to l6.l 

1.5 

•7 

4.5 to 16.1 

1.2 

.6 


Trail 027; time interval, 60 sec 

5 to 9 

O.k 

0.5 

9 to 15 

1.1 

1.2 

15 to 15.5 

1.7 

l.k 

5 to 15.5 

1.1 

1.0 


Vector^ 

m/sec 


0.6 

.k 

1.3 

2.2 

1.5 


1 . 


0 . 


0 . 


o.k 

.8 

1.7 

1.5 

1.3 


0.6 

1.6 

2.2 

1.5 


K^KM>-CO COLTNCTnOO OJOJ 



TABLE TJ 


ROOT -MEAN-SQUARE DIFFERENCES BETWEEN WIND 'VELOCITIES 
DERIVED FROM SIMULTANEOUS SMOKE TRAILS 


Altitude 

range, 

km 



Root-mean-square differences 


West-to-east 

South -t 0 -north. 

Vector 

m/sec 


component^ 

component^ 


m/sec 

m/sec 


Trails 023 and 024; time interval, 60 sec 


4 to 5 

5 to 8.9 

4 to 8.9 

1.1 

.4 

.6 

0.8 

1.0 

1.0 

1.3 

1.1 

1.2 

Trails O25 and 025; time interval, 60 sec 

4 to 5 

0.6 

0.3 

0.7 

5 to 8.9 

.6 

!•! 

1.2 

4 to 8.9 

.6 

1.0 

!•! 

Trails 02^ and 025; time interval^ 60 sec 

2.9 to 5 1 

0.9 

1.3 

1.6 

5 to 9 

.6 

1.0 

1.2 

9 to 12.5 

.5 

.6 

.7 

2.9 to 12.3 

.6 

1.0 

1.2 


Altitude, km 



Velocity, m/sec 
(a) West-to-east velocity component 

Figure I.- . Smoke-trail wind profile obtained on Sept 21, 1959. Trail 002; time interval of 30 seconds; height interval of 30 meters. 
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Altitude, km 



Velocity, m/sec 
(a) West-to-east velocity component 

Figure 4.^ Smoke-trail wind profile obtained on Sept 8, I960. Trail 005; time interval of 60 seconds; height interval of 25 meters. 
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Altitude, km 



(a) West-to-east velocity component 

Figure 14.- Smoke-trail wind profile obtained on Oct 24, 1961. Trail 018; time interval of 60 seconds; height interval of 25 meters. 

























Figure 24.- Flow diagram of data reduction procedure. 
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^'The aeronautical aiid space activities of the United States shall be 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof.*^ 

— National Aeronautics and Space Act of 1958 
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